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tl, A programmable input/output device for coupling 
programmable logic device (PU3} to external circuitry, the 
input /output device coinprisictg: 

an input /output pad; 

an output buffer adapted to receive output 
signals from the PLD, the output buffer tnodlfying the output 
signals and being coupled to the input/output pad; 

an input buffer adapted to. receive input signals 
from the input/output pad and from the output buffer, the input 
buffer modifying the input signals and being coupled to the PLD 
to provide the PLD with the modified input signals; and 
a plurality of logic standards; and 
a plurality of programmable logic elements that 
select a logic standard from said plurality of logic standards 
with which the output buffer and the input buffer respectively 
modify the output and input signals. 
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2. The pTOgrammatole Input /output device of claim i, 
wherein the plurality of programmable logic elements compriaes: 

a first programraable logic element coupled to the 
output buffer and the input buffer; and 

a second prograwtoble logic element coupled to 
the output buffer. 

3. The progorammable input/output device of claim 2, 
wherein the plurality of programin^ie logic elements are sram 
elements. 

4. The prograronable ii^ut/output device of claim 2, 
wherein the plurality of programmable logic elements are bprom 
elements . 

V 

5. The programmable input/output device of claim 2, 
wherein the plurality of programmable logic elements are SBPROM 
elements. 

€. The programmable input/output device of claim a, 
wherein the plurality of programmable logic elements are 
antifuse elements. 



7. The prograjranable input/output device of claim 2, 
wherein the plurality of prograiranable logic elements are 
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elements from the group of SRftM, EPROK, EBraoM, and ant if use 
elements. 

8. The progxaaimable input/output device of claim 
wherein the input /output device provides signal modification in 
accordance with TXti standards. ^ 

9* The programmable input /output device of claim 1, 
wherein the input/output device provides signal modification in 
accordance with CMOS logic standards. 

10- The programmable input/output device of claim l, 
wherein the input/output device provides signal modification in 
accordance with open drain logic standards. 

11. The programmalile input/output device of claim X, 
wherein the input /output device provides signal modification in 
accordance with GTIi standards. 

12. The programmable input/output device of claim l, 
wherein the input/output device provides signal modification in 
accordance with HSTL standards. 

13. The programmable input/output device of claim 12, 
wherein the HSTL standard is terminated* 
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14, The programmable input/output device of claim 12, 
wtoerein the HSTL standard is non- terminated. 

15. The prograramahle input/output device of claim i, 
wherein the input bu££er coiqprises: 

a differential amplifier circuit being adapted to 
receive the input signals ? 

control circuitry that controls the modification 
of the input signals in accordance vdth the standard selected by 
the plurality of programmable logic elements; and 

inversion circuitry that provides the modified 
input signals to the »LD. 

16. The programmable input/output device of claim is, 
wherein the differential amplifier circuit and the control 
circuit operate in conjunction with each other to provide the 
modifications of the input signals in accordance with a 
plurality of logic standards. 

17. The programnnable injput/output device of claim 15, 
wherein the differential amplifier circuit and the control 
circuit operate independent of each other such that the 
modifications of the input signals are performed by the control 
circuitry in accordance with a first logic standard and by the 
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differential aa^lifier circuit ia accordance with a eecond logic 
Btaadard, the first and second logic standards being selected by 
the plurality of programmable logic elements. 

18. The programmable input/output device of claim 17, 
wherein the control circuitry is optimized for speed to provide 
tuodifieation in accordance with the first logic standard at 
increased speed. 

19. The progranmiable input/output device of claim 17. 
tnherein the differential an©li£ier circuit Is optimized for 
speed to provide modification in accordance with the second 

logic standard at increased speed. 

ao. A prograoBoable input/output device for coupling a 
progratniaable logic device ivho) to external circuitry, the 
input/output device coa^rising:. 

means for coupling the input/output device to the 
external circuitry; 

means for receiving output signals from the FID 
and for modifying the output signals ia accordance with a 
selected logic standard, the means for receiving providing the 
modified output signals to the means for coupling; 

means for modifying input signals received from 

the means for receiving and the means for coupling in accordance 
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with the selected logic standard, the means for tnodi-fying 
providing the modiEied input signals to the PLD; and 

means for selecting the selected logic standard 
from a plurality of logic standarde. 

21, The programmable input/output device of claim 20, 
wherein the means for receiving comprises: 

circuitry for modifying the output sigx^ls to an 
appropriate high voltage level in accordance with the selected 
logic standard if the output signals are logic high signals; and 

circuitry for modifying the output sisals to an 
appropriate low voltage level in accordance with the selected 
logic standard if the output signals are logic lev? signals. 



22. The programmable input/output device of claim 21, 
wherein the selected logic standard is TTL, the appropriate high 
signal is about 2.4 volts, and the appropriate low signal is 
about 0»4t volts i 

23. The programmable input/output device of claim 2l« 
Wherein the selected logic standard is GTh, the appropriate high 
signal is about 1-2 volts, and the appropriate low signal is 
about a. 8 volts. 
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24. The programmable input/output device of claim 21, 
wherein the selected logic standard lis CMOS, the appropriate 
high signal is about 3.5 volts, and the appropriate low signal 
is about 0 volts. 

25. The prograoanable input/output device of claim 21, 
wherein the selected logic standard is open drain, the. 
appropriate high signal is detezmined by external circuitry, and 
the appropriate low signal is leas than about 0.4 volts. 

26. The programmable input/output devic© of elaim 21, 
wherein the selected logic standard terminated H£TL, tha 
appropriate high signal ia det^tuciined by external circuitry, and 
the appropriate low signal is about equal to the appropriate 
high signal minus 0.1 volts, 

21. The programmable input/output device of claim 21, 
herein the selected logic standard is non- terminated KSTL, the 
appropriate high signal is about equal to a predetermined 
reference voltage plus 0,1 volts, and the appropriate low signal 
is about equal to the predetermined reference voltage minus 0.1 
volts . 

28. The programmable input/output device of claim 20, 
wherein the means for modifying cotiiprises: 
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a £lr8t converaioa circuit for converting the 
input signals in accordance with a first logic standard; and 

a second conversion circuit for converting the 
input signals in accordance with a second logic standard. 

29. The programmable iiqput /output device of claim 2B, 
wherein the first and second conversion circuits are nergad into 
a single conversion circuit. 

30. The progratranable input /output device of claim 28, 
wherein the first cmd second conversion circuits are 
substantially independent of each other such that they may be 
independently optiinized for operational speed in^rovements . 

31. A method for providing a pjcogramnable logic 
device (PLD) with the capability of being selectively coupled to 
external circuitry which operates in accordance with a selected 
one of a plurality of logic standards, the methods coisprising 
the steps of: 

progratTunaibly selecting the selected one of a 
plurality of logic standards; 

modifying output signals from the PliD in 
accordance with the selected logic standard such that liigh PLD 
signals correspond to high signals of the selected standard and 
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low PI*D signals correepond to low signal of the eelecfced 
standard; 

receiving input signals from an external 

interface; and 

inodifying the input signals in accordance with 
the selected logic standard ouch that high input signals are 
converted to high PX»D signals and low input signals are 
converted to low PLD signals. 

32\ The method of claim 31, wherein the step of 
programmably selecting the selected one of a plurality of logic 
standards selects a logic standard from the group including: 
TTi*, CMOS logic, open drain logic, GTL, terminated HSTfc, and 
non- terminated HSTL* 

33. The iTOthod of claim 31, wherein the step of 
programmably selecting compriees the etep of applying n 
plurality of Select fiits to a plurality of programmable 
elements « 

34. The method of cl&im 33, wherein the programmable 
elements are from the group including: SRAM, EBPROM, and 
anti"^fuse elements.] 
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35^ ft programmable input /output device for couplitiq a 
prograttrntable logic qevice (PLP) to external circuitry, the 
input /output device cotopxisincifrs 

an input /output pad; 

an output buffer adapted to receive output 
signals jErom tiie PIiD> the output buffer modifying the output 
signals and being coupled to the input /output pad/ 

^ input buffer adapted to receive a reference 
signal and input signals from the input /output pad and from the 
output buffer, the input buffer comparing the received input 
signals to the reference signal to produce a differential signal 
and coupling the differential signal to the PLD to provide the 
PliD with modified Input signals; and 

a plurality of programmable elements that select 
the standard vith which the output buffer and the input buffer 
respectively modify the output and input signals, 

3g> The programmable input/output device of claim 35^ 
wherein the plurality of Drogramraable elements further comprise: 

a first programmable element coupled to the 
output buffer and the input buffer; and 

a second programmable element coupled to the 

output buffer. 
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— ^« programmable int>ut /o»^p,.t davie^ 

vrherain the plurality of pmcrammabi. .1 .3 

selected from the group consisting of .p..., ^ pj,qm. ^i^pp^m , 
and antifuae elements. 

— programmable inpub/ output device of claim 
wherein the input/outptit device Drovld.« .j gnal modifn^.^.^. 
accordance with logic standarda a^i^nt-o d from hi.^ 
conslatinq o£ ttt.^ cms. GTL. and hstt. 

— programmable in« nt/outttut device of glaim as, 
Wherein the Input buffer comprises ? 

a differential ampVifHer circuit h eiaq ad^p f^^ 
receive the input aignalai 

control circuitry that c o ntrols the modificati^T, 
of the input signals in accordance with the stand»^ selected 
.the plurality of p rogrammable eleaeata; and 

invergion circuir xy that prov ides the mnniF<o>^ 
input sig nals to the PLD. 



— The programmable inn ut /output davlce of claim 39^ 
wherein the differential amplifie r circuit and the contro] 
circuit operate in conlunction wit h each other to provide tho 
modifications of the input aleniA la in aenordance «ith a 
pluralicy of locrlc standards. 
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— programmable in put /output device of claim 39, 

Wherein the aifferential amplifie r circuit and the input hiif 
operate independent of each other mich that the modlfieatirmie 
the iaput signals a re perfortwed bv the input buffer l« 
accordance with a first logic standard arm tt y the different 
amplifier circuit in accordanc e .vith a gecond leaie standard. 
the first and se cond logic standards beincj eelected by tho 
plurality of pr ogrammable eletnents- 

iii The programmable input/output device of claim 41 1. 
wherein the input buffer is opti mized for ^eed to t,rov±a^ 
modification in a ccordance with the firat logic atandayri »i- 

increased speed. 

Mi The programmable i oput/ontput deviee of claim 4i. 
wherein the differe ntial amplifier circuit ia optimized for 
spaed to provide modificati on in accordance with the second 
logic standard at increased epeed. 

Mi A programmable inn^t /output d evice for eony Hw*^ n 
programmable logic de vice {PLPy to external circuitry , th^ 
input /output deyica compriaing; 

means for coupling the in aut /output device to th« 
external circuitry? 
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and fox modifying the o«.p..^ Mnn. lB in , 

selected lo^j, «randard, th. ^^^^ 
ntPdified output aiaiiai. t he me^n. f^^ ^-^^r^^'n^^ 
means for modim«« Innn.. ,.^ ,, 3 

the meaBs for receiving and r^. ^..ns for ^■„.,„ , 

with the gel^cnPd lorrir r^.ninrd^Uxem eans for modl^vinT 
i ncluding a nieans for cotnn^rlna th. ^^^^^ ^ 

reference sig na l to pr o d u<,<. a di fferencial 
providing th» modifi^^ i^j^,^ ^j^,,, ^„ ^^^^ 

means for ^egprtino th. leal. ...^..^ 

Ironi a plurality of logic standa^^. 



wherein the meang tn-r receiving ^owpriaea. 

circuitry for t«odifvln^ ^. . t^^t _ 
appropriate high voltage lev<^1 In accordant. ....^ the 
logic standard if the output Bic^gais a.^ 

c^^rcyitry for modifying p^t^^., 
appyppriate lo,. voltage li«r^1 in aeeo.d.n.. ^. th the n.i,...^ 
logic standard if the outpnr Bicmal. ... .^ . g j^^^ 

^ prcxrrammable inT»uV^n>.p.t devic. 
wherein the means fo y wodify in g contpriflea. 
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a first converBion nir^ ,<. rnn nertina hh. 
i nput Bicp ala In .rrorcf. nce with a f ir.r stand.... ... 

a second conver>.inT, rlrniH- for eonv^^hin^ 
i^HL^ lgnals la accordanc e wita . . ecnd 

^^^^g^^^M^£i£5t,a^ conv..... ........ „„ ^ 



th. fHnt .na ..cd r,,ju^ 

indcp^ny oK^-^^e.. for npn.nnr.n .^.^ 

Sm^AMlSLj^iS^ ..y^iXity of ^.j^ „, ^. ^ 

ar03r.mlMblv selecting , elact.d « 

plutalltv of leote 

aceordy^ ,1^ ,,,,,,,, ^ ^^^^ 

loy Pt0 algn^ i y ^^^^ rn .j^., ael.o-.^ 

Standard > 
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r^cexvixiq input Biq «»T« frp^ ^ , 

interface f 

comparing the received i. ^ut si«^ n^i, , 

reference to proa„ce a <11fferenhl.i 

With the B^lact^d locTic .tandarrf .uch ti,.. 3,,^,^ 
ftr^ convarted to high pld s i cnal^ and i»w ..p ,. 
converted to low pt.T) sion^ lp 




— ^« "'^'^^oO claim 49. »h , rein th^ 
aelectincf further nomp rifr^. ^piyi^^ sai..^ ...^ 

to a plnraiitv of p^ngrammabie 

^ ^ PJ^oflrairanable inpu^/ nutrnt devir-e capable of 
operating at inultiple logic standarge comnrisir,^. 
an inpnt/outpufe terminal- 
m plurality of prog T- ananahie eie wentg.. and 
an input buffer h^^ri^ circuifcry .^ ^ntroll^d >vy 
least one of the plurality of pro«r^n«n>.>M^ elem^ni.^ 
between a firat logic stai^dard and « ...... .^^ ^^ ^tand..^ 
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Wherein the secoag logic standa»-d a diff^r^tlal looio 
standard. 

— programmable In put /oatput dgyjce of claim sa 

therein the differential logic ^t^nd.r-r, j g a standard 
from the group c onsisting of hstl and am. 

^ pxogramroable inpn fVoutPut dev ice of cla^m 

Wherein the first logic standard ^ s tandard ««.i^e ted ft-^m i-h^ 
group c onsisting of ttl or CMOS. 

— prograreraable In put /output davica of claim sa 
wherein the progranaBable elements elements n^i^cted frnm 

aup conaiBting of sitaw, bprom. ehpro m . and ant:lf«qe element.. 

— ytie prograTOwable i nput /output device of claim S2 
wherein the input buffer further compr ^^es a difger^nh:ix.i 
aniplifier circuit that is uBftd for aener»r,^u q the dif f^...^4>-. 
logic standard. 



— programmable int>tt t/outPut device of ciajn, «;i> 

wherein at least one progranmi a ble element is coup l ed to the 
input buffer. 
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■?§A Proqr-aBUBabl e input/output device of claim 52 

further compriglnq an output bu f fer havincy circttitrv eentrolled 
by at least one of the plura lity of prog i-aintnatM o elements to 
select toetween the first logi c ataiidard and the second logic 
standard. 

Pirog rainmable input/output device of claim sa 
vhereia the second loaie gfeamiaT -d is a differential lat^ nn 
standard. 

ifij. T3te progrannnable i nput/outPut device of claim SB 
wherein at least one orogr awnable element is coupled to tha 
input buffer . 

The progranaaable input/output device of claim 60 
wherein the input buffer an d the output buffer are controlled bv 
the same proqraittBable element. 

A programmable inp ut/output buffer capable of 
operatin g at multiple logic : standards eQmp lri«^nq. 

an input /output terminal; 

a Plurali ty of programmable elementg? una 

an output buffer havi ng circuitry eontrclled bv 
at least one of the plur ality of proenrammable elements to select 
becveen on« logic atandayd and g di£ioaee3aiti.aa. loqie standard. 
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^ The proqranunable input: ^ output devieg of claim 62 
wherein the first locrie standard 1« a standard «.>i^cted from th^ 
group consist inq of ttl and CMOS. 

^ progranmable inaufc yputput device of claim c-? 

wherein the prograronable element s are elements selected from the 
group consisting of SRfiM. bprom. keprom. and anh<f>t.^ ^i^^^^., , 

iii. Proqracunable in put/outPut device of claim 62 

wherein at least one programma b le element is coup led to t-H^ 
oatput buffer. 



— The programmable i nput /output device of claim 62 
further coiaprising an input buffer haviag circuitry controlled 
by at least one of the plurali ty of orograniwable elements to 
select between the first logic standard and the second logic 
standard. 
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— Proqranimable innn t/eutput: di>viee of elaim 

Wherein the second logic standard ia a diff«r«.ntlal laole 
standard. 

^ The proararonable In put /out put device of claim 67 
wherein at leaat one programmabift element is coupled to t^^^ 
output buffer. 



— programmable inn ut /output device of elain. cq 

Wherein the Input buffer and the ou<- p »t buffer n^e controii^^ Ky 
the sane prpcrrawntable element. 

^ A programmable input / output device conmriBi ntT. 
an input/ou tput terminal p 

an input buffer and an output buffer coupled to 
the input /output terminal, each of which includes weans for 
^SS^tijyim aignals applied to the input/outnut ter minal to » 
selected one of multiple looie st a ndards wherein at least o»i. r.^ 
the multiple logic standards is a d i fferential loaio «t;.n^«r^. 
and 

a Plurality of proep-jimnMK ie eiementa 
selecting the logic standard at which thfe input and outp n*- 
buffers operate > 
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72, The progranmiable input/output device o£ claim 71 
wherein the input buffer and the output buffer further comprise 
means for modifyincr sifflaals applied to the input/output terminal 
to a logic standard selected from the group cpnaistiniq of XXXi, 
CMOS. gTir and kstl> 

73, The input /output device of claim 71. wherein the 
input buffer and the output buffer share at least one 
prograimaable element. 

74. (Cancelled) [A method of operating a programmable 
input/output device at a selected one of multiple logic 
standards, the method comprising: 

selecting a logic standard; 
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receiving an input signal at an input of the 
input /output device; and 

modifying the input signal based on the selected 
logic standard; wherein at least one of the multiple logic 
standards is a differential logic standard.] 

75. (Cancelled) [The method of claim 74, wherein the 
modifying further comprises modifying the input signal to comply 
with a logic standard selected from the group consisting of TTL, 
CMOS, open drain logic, GTL, terminated HSTL, and non- terminated 
HSTL.J 



